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ABSTRACT 



The electronic endoscope device in accordance with the 
present invention comprises an image pick-up unit capable 
of acquiring an object image with respect to illumination 
light employed for illuminating the object for each pre- 
scribed wavelength band, an exposure period setting circuit 
for setting the exposure period of the image pick-up unit 
corresponding to the each wavelength band, an amplification 
circuit for amplifying picked-up image signals of the object 
image obtained with the image pick-up unit corresponding 
to the each wavelength band, and a control circuit for 
controlling the amplification circuit such that the picked-up 
image signals corresponded to the each wavelength band of 
the object image that are acquired with the image pick-up 
unit at the exposure period set corresponding to the each 
wavelength band set by the exposure period setting circuit 
are amplified at amplification factors computed correspond- 
ing to the exposure period that is set corresponding to the 
each wavelength band. 
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ELECTRONIC ENDOSCOPE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims benefits of Japanese Appli- 
cation No. 2003-172458 filed in Japan on Jun. 17, 2003, the 
contents of which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to an electronic endo- 
scope device for obtaining images with an image pick-up 
element which captures an object image by accumulating an 
electric charge, and to a signal processing unit used in this 
electronic endoscope device. 

[0004] 2. Related Art Statement 

[0005] Electronic endoscope devices have been widely 
used for observing the digestion tract, for example, esopha- 
gus, stomach, small intestines, and large intestines, or bron- 
chial tube such as lungs by inserting an endoscope into a 
body cavity, and, if necessary, conducting a variety of 
medical treatments by using therapeutic instruments inserted 
into the dedicated channels. 

[0006] Electronic endoscope devices of a field sequential 
system are known as electronic endoscopes in which a rotary 
optical filter is provided in a light source unit, the object is 
sequentially illuminated with red, green, and blue light from 
this light source unit, the light thus obtained from the object 
is received by monochromatic image pick-up elements, 
signal processing is conducted in a signal processing unit, 
and the color image obtained is outputted to a display unit. 
Because of differences in wavelength characteristics of 
optical filters or spectral sensitivity characteristics of the 
image pick-up elements among the electronic endoscope 
devices of a field sequential system, adjustment of white 
balance has been conducted by using electronic circuits in 
typical electronic endoscope devices. 

[0007] The white balance adjustment is conducted by 
pushing down a white-balance setting switch in a state that 
the image of a white body has been picked up. When the 
switch is pushed down, the white balance adjustment circuit 
adjusts the color balance such that the ratio of the amplitudes 
of the B signal and R signal to the G signal comes to a 
prescribed value. In case of analog circuitry, this adjustment 
typically involves comparing the outputs of all the signals by 
a comparator and adjusting little by little the amplification 
factors so as to obtain convergence to the prescribed color. 
However, in this case, a large number of frame images are 
required before the correct white color adjustment is com- 
pleted and, therefore, the adjustment is a time-consuming 
procedure. 

[0008] On the other hand, the adjustment of color balance 
with digital circuitry is most often conducted by sampling 
signals of each color within one frame, directly computing 
the amplification factors of B signal or R signal with a CPU 
or the like from the intensity ratio thereof, and amplifying 
each signal by using a digital multiplier. In this case, the 
adjustment of white balance does not take a long time. 

[0009] Further, diagnostics employing electronic endo- 
scope devices has recently begun involving auto-fluores- 



cence observations using auto-fluorescence of living-body 
tissue, in addition to normal observations in which color 
images similar to those observed by the naked eye are 
displayed on a monitor. 

[0010] In the auto-fluorescence observations, diagnostics 
is conducted according to the fact that spectra of auto- 
fluorescence emitted from the living-body tissue when it is 
illuminated with excitation light within a UV to blue range 
is different between the normal mucous membrane and a 
tumor. In this case, a lesion portion can be clearly recognized 
by displaying the image of auto -fluorescence into the 
reflected light image returned due to reflection from the 
living-body tissue on a display, the reflected light image 
having allocation of respective different colors. At this time, 
the wavelength of the light illuminated is restricted by using 
narrow-band optical filters (see, for example, Japanese 
Patent Application Laid-open No. 2002-95635) such that the 
spectral distribution in each wavelength band becomes dis- 
creet. 

[0011] Furthermore, in the conventional electronic endo- 
scope devices, the adjustment of color balance is typically 
conducted by employing a white object as a reference (see, 
for example, Japanese Patent Application Laid-open No. 
2002-336196), but there are also electronic endoscope 
devices in which lesion portions in any patient can be 
observed with a fixed color tone by adjusting the color 
balance by employing the color of the normal mucous 
membrane of the patient as a reference during auto-fluores- 
cence observations. 

[0012] In such conventional electronic endoscope devices, 
the amplification factor of the amplifier of the signal pro- 
cessing unit has been adjusted for each color (each wave- 
length band) to adjust the color balance. For this reason, a 
small difference in the amplification factors between the 
colors has not caused significant problems, but when the 
difference in the amplification factors between the colors is 
large, noise is often increased by a color component of the 
image with a high amplification factor. 

[0013] In particular, in electronic endoscope devices for 
fluorescent observations, the difference in brightness of the 
fluorescence emitted by mucous membranes of the patients 
is large among the patients, and the difference in amplifi- 
cation factors between the colors has to be increased to 
correct the aforementioned difference in brightness which 
could result in images with a high noise level. 

[0014] Furthermore, because fluorescence is extremely 
weak, the quantity of illumination light for obtaining a 
reflected light image has to be made lower than the quantity 
of illumination of excitation light. For this purpose, the 
transmission wavelength band of the filter is narrowed or 
transmissivity thereof is decreased. This could easily lead to 
a wavelength error during optical filter manufacture and 
produce a relatively large negative effect on the image color. 
For example, in case of a 10 nm error in a filter with a 
transmission band with a half-width of 100 nm, the error of 
the transmitted light intensity is about 10%, but in case of a 
10 nm error in a filter with a transmission band with a 
half-width of 20 nm, the error of the transmitted light 
intensity is about 50%. As a result, the difference in ampli- 
fication factors between the colors easily became large 
during color balance adjustment and the probability of 
obtaining images with a high level of noise is large. 
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[0015] Furthermore, in case of endoscope devices 
equipped with electronic shutters, color correction can be 
also conducted by controlling the exposure period. How- 
ever, in endoscope devices requiring light shielding with a 
rotary filter plate or the like, the exposure period that is 
electrically set and the exposure quantity falling upon the 
image pick-up element do not show a simple linear rela- 
tionship. This is because the luminous flux crossing the 
rotary filter is not perfectly converged in one spot but has a 
certain surface area. 

[0016] FIG. 11 is a graph illustrating the relationship 
between the exposure quantity (in case no electronic shutter 
is used) and time with respect to such a rotary filter. FIG. 12 
is a graph illustrating the relationship between the exposure 
quantity and exposure period with respect to the rotary filter. 

[0017] The ideal relationship between the exposure quan- 
tity and time obtained when one filter in the rotary filter is 
inserted in the luminous flux is represented by a broken line 
91 shown in FIG. 11, but actual relationship is represented 
by a solid line 92 shown in FIG. 11. 

[0018] Furthermore, referring to FIG. 11, if an assumption 
is made that an electronic shutter is used and the electric 
charge sweep is carried out at the point A of time and that 
the exposure period is ended at the point B of time, then the 
exposure period will be the A-B period in FIG. 11. The 
relationship between the exposure period and exposure 
quantity at this time is shown in FIG. 12. Referring to FIG. 
12, ideally speaking, the exposure period and exposure 
quantity are preferably proportional to each other, as shown 
by a broken line 93, but in reality they show a complex 
relationship represented by a solid line 94. Furthermore, the 
characteristics of the solid line 92 shown in FIG. 11 or solid 
line 94 shown in FIG. 12 differ depending on the type or 
individual features of the endoscope or light source unit. For 
this reason, in the electronic endoscope devices using rotary 
filter, a strict color balance has been difficult to set only by 
simple adjustment of exposure period. 

BRIEF SUMMARY OF THE INVENTION 

[0019] Briefly speaking, the electronic endoscope device 
in accordance with the present invention comprises an image 
pick-up unit capable of acquiring an object image with 
respect to illumination light employed for illuminating the 
object for each prescribed wavelength band, an exposure 
period setting circuit for setting the exposure period of the 
image pick-up unit corresponding to the each wavelength 
band, an amplification circuit for amplifying picked-up 
image signals of the object image obtained with the image 
pick-up unit corresponding to the each wavelength band, 
and a control circuit for controlling the amplification circuit 
such that the picked-up image signals corresponding to the 
each wavelength band of the object image acquired with the 
image pick-up unit at the exposure period set corresponding 
to the each wavelength band set by the exposure period 
setting circuit are amplified at amplification factors that are 
computed corresponding to the exposure period that is set 
corresponding to the each wavelength band. 

[0020] Additional features and advantages of the inven- 
tion will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The features and 



advantages of the invention may be realized and obtained by 
means of the instrumentalities and combinations particularly 
pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a block diagram illustrating the schematic 
configuration of the endoscope device of an embodiment of 
the present invention; 

[0022] FIG. 2 is a plan view illustrating the configuration 
of a rotary filter plate in the embodiment; 

[0023] FIG. 3 is a block diagram of a CCD in the 
embodiment; 

[0024] FIG. 4 is a graph illustrating the spectral charac- 
teristic of the outer circumferential filter in the embodiment; 

[0025] FIG. 5 is a graph illustrating the spectral charac- 
teristic of the inner circumferential filter in the embodiment; 

[0026] FIG. 6 is a graph illustrating the transmission 
characteristic of an excitation light cut-off filter in the 
embodiment; 

[0027] FIG. 7 is a block diagram illustrating a color 
balance correction circuit in the embodiment; 

[0028] FIG. 8 is a flowchart illustrating the processing 
conducted when the color balance setting switch is pushed 
down in the embodiment; 

[0029] FIG. 9A is a timing chart illustrating the quantity 
of light received by the CCD and a charge sweep signal in 
the embodiment; 

[0030] FIG. 9B is a timing chart illustrating the quantity 
of light received by the CCD and a charge sweep signal in 
the embodiment; 

[0031] FIG. 10A is a timing chart illustrating an input 
image signal and a color tone adjustment coefficient in the 
embodiment; 

[0032] FIG. 10B is a timing chart illustrating an input 
image signal and a color tone adjustment coefficient in the 
embodiment; 

[0033] FIG. 11 is a graph illustrating the relationship 
between the exposure quantity and exposure period with 
respect to the conventional rotary filter; and 

[0034] FIG. 12 is a graph illustrating the relationship 
between the exposure quantity and exposure period with 
respect to the conventional rotary filter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] The preferred embodiments of the present inven- 
tion will be described below with reference to the appended 
drawings. 

[0036] FIGS. 1 to 10B relate to an embodiment of the 
present invention. FIG. 1 is a block diagram illustrating 
schematically the configuration of the endoscope device. 
FIG. 2 is a plan view illustrating the configuration of a 
rotary filter plate. FIG. 3 is a block diagram of a solid state 
image pick-up element of a charge-coupled element type 
(referred to hereinbelow as CCD). FIG. 4 is a graph illus- 
trating the spectral characteristic of the outer circumferential 



1/21/05, EAST Version: 2.0.1,4 



US 2004/0267091 Al 



3 



Dec. 30, 2004 



filter. FIG. 5 is a graph illustrating the spectral characteristic 
of the inner circumferential filter. FIG. 6 is a graph illus- 
trating the transmission characteristic of an excitation fight 
cut-off filter. FIG. 7 is a block diagram illustrating a color 
balance correction circuit. FIG. 8 is a flowchart illustrating 
processing conducted when the color balance setting switch 
is pushed down. FIG. 9A and FIG. 9B are timing charts 
illustrating the quantity of light received by the CCD and a 
charge sweep signal. FIG. 10A and FIG. 10B are timing 
charts illustrating an input image signal and a color tone 
adjustment coefficient. 

[0037] As shown in FIG. 1, an electronic endoscope 
device 1 of the present embodiment comprises an electronic 
endoscope 2, a signal processing unit 3, a light source unit 
5, and a monitor 6. 

[0038] The electronic endoscope 2 comprises an elongated 
insertion portion 11 that can be inserted into a body cavity. 
A CCD 20 is contained in a distal end portion 16 of the 
insertion portion 11. 

[0039] The electronic endoscope 2 is freely detach ably 
connected to the signal processing unit 3. The signal pro- 
cessing unit 3 conducts signal processing of image signals 
obtained with the CCD 20. 

[0040] The light source unit 5 serves to generate a light for 
observations. In the present embodiment, the light source 
unit 5 and signal processing unit 3 are provided as separate 
units. However, the light source unit 5 may be constructed 
so as to be incorporated in the signal processing unit 3. 

[0041] The monitor 6 is connected to the signal processing 
unit 3 for displaying the image signals that are image 
processed in the signal processing unit 3. 

[0042] The electronic endoscope 2 will be described here- 
inbelow in greater detail. 

[0043] The electronic endoscope 2 comprises the elon- 
gated insertion portion 11 for insertion into a body cavity of 
a patient. 

[0044] The insertion portion 11 is constituted of a soft 
portion when it is designed for conducting observations in a 
digestion tract, bronchial tube, head of neck (pharynx), 
bladder, or a rigid portion when it is used for abdominal 
cavity, thoracic cavity, or uterus. 

[0045] A light guide 12, a charge sweep signal line 13, and 
CCD output signal lines 14, 15 are disposed inside the 
insertion portion 11. 

[0046] The distal end side of the light guide 12, an 
illumination lens 17, an objective lens 18, an excitation light 
cut-off filter 19, and the CCD 20 are provided in a distal end 
portion 16 of the insertion portion 11. 

[0047] The light guide fiber 12 transmits the illumination 
light from the light source unit 5 provided in the signal 
processing unit 3 and guides the light to the distal end 
portion 16 of the insertion portion 11. 

[0048] The illumination lens 17 is provided in the distal 
end portion 16 of the insertion portion 11 and is disposed at 
the distal end surface side of the light guide fiber 12. 

[0049] The illumination light that is guided by the light 
guide fiber 12 from the light source unit 5 illuminates an 
object 7 via the illumination lens 17. 



[0050] The objective lens 18 serves for forming images by 
the light from the object 7. 

[0051] The excitation light cut-off filter 19 is provided on 
the front surface of the CCD 20 and removes the excitation 
light by cutting off the light with a wavelength of 460 nm or 
less. That is, the excitation light cut-off filter 19 has a 
spectral characteristic such that it transmits auto-fluores- 
cence generated by the living-body tissue (wavelength of 
about 500 nm or more) and does not transmit the excitation 
light. 

[0052] The reflected light and auto-fluorescence from the 
object 7 form images on a light-receiving area 70 (see FIG. 
3) of the CCD 20 via the objective lens 18 and excitation 
light cut-off filter 19. 

[0053] The CCD 20 is an image sensor provided in the 
distal end portion 16 of the insertion portion 11 and disposed 
in the image-forming position of the objective lens 18. 

[0054] In the present embodiment, the CCD 20 is disposed 
in a direct view configuration, but the CCD 20 can be also 
disposed in a slant view or side view configuration. 

[0055] Furthermore, the CCD 20 is connected via the 
charge sweep signal line 13 to an exposure period control 
circuit 43 located inside the signal processing unit 3. The 
CCD 20 conducts electronic shutter control based on the 
charge sweep signal generated by the exposure period con- 
trol circuit 43. 

[0056] Furthermore, the CCD 20 also conducts signal 
charge accumulation, sensitivity control and reading in 
response to drive signals from a CCD drive circuit (not 
shown in the figure). 

[0057] The object image formed on the light-receiving 
area 70 (see FIG. 3) of the CCD 20 by the objective lens 18 
and excitation light cut-off filter 19 is photoelectrically 
converted by pixels of the CCD 20 and then transferred and 
outputted. The output signal from the CCD 20 is supplied via 
the CCD output signal lines 14, 15 to respective preprocess- 
ing circuits 31, 32 located inside the signal processing unit 
3. 

[0058] Further, in the electronic endoscope 2, a filter 
switch 21 is installed in the control unit at the proximal end 
side thereof. The filter switch 21 serves to designate switch- 
ing of filters. 

[0059] The operation signal of the filter switch 21 is 
supplied to a CPU 40 located in the signal processing unit 3. 

[0060] The signal processing unit 3 comprises preprocess- 
ing circuits 31, 32, analog/digital conversion circuits 
(referred to hereinbelow as A/D conversion circuits) 33, 34, 
color balance correction circuits 35, 36, a multiplexer 37, 
simultaneous memories 38R, 38G, 38B, digital/analog con- 
version circuits (referred to hereinbelow as D/A conversion 
circuits) 39R, 39G, 39B, the CPU 40, a sampling circuit 41, 
a color balance setting switch 42, and the exposure period 
control circuit 43. 

[0061] Here, the CCD output signal line 14, preprocessing 
circuit 31, A/D conversion circuit 33, and balance correction 
circuits 35 constitute a signal processing system of channel 
A for processing signals from odd-number lines 71 of the 
light-receiving area 70 shown in FIG. 3. 
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[0062] The CCD output signal line 15, preprocessing 
circuit 32, A/D conversion circuit 34, and balance correction 
circuits 36 shown in FIG. 1 constitute a signal processing 
system of channel B for processing signals from even- 
number lines 72 of the light-receiving area 70 shown in FIG. 
3. 

[0063] Further, as shown in FIG. 1, the signal processing 
unit 3 is configured such that image signals flow through in 
the order of the preprocessing circuits 31, 32, A/D conver- 
sion circuits 33, 34, color balance correction circuits 35, 36, 
multiplexer 37, simultaneous memories 38R, 38G, 38B, and 
D/A conversion circuits 39R, 39G, 39B. 

[0064] Signals after A/D conversion conducted with the 
A/D conversion circuits 33, 34 are inputted in the sampling 
circuit 41. 

[0065] The light source unit 5 comprises a xenon lamp 
(referred to hereinbelow as lamp) 51, an IR cut-off filter 52, 
a rotary filter plate 53, motors 54, 55, and a converging lens 
56. 

[0066] The lamp 51 emits the illumination light. The IR 
cut-off filter is provided on the illumination light path of the 
lamp 51 for restricting the transmission wavelength. The 
motor 54 rotates and drives the rotary filter plate 53. The 
motor 55 is employed for moving the rotary filter plate 53 in 
the direction perpendicular to the optical axis. 

[0067] As shown in FIG. 2, the rotary filter plate 53 has 
a double structure in which filter sets 58, 59 are arranged in 
the outer circumferential portion and inner circumferential 
portion, respectively. 

[0068] An R filter 61R, a G filter 61G, and a B filter 61B 
which transmit light of red (R), green (G), and blue (B) 
wavelength, respectively, are disposed on the outer circum- 
ference of the rotary filter plate 53. • 

[0069] Thus, the R filter 61R, G filter 61G, and B filter 
61B constitute the outer circumferential filter set 58. 

[0070] A G' filter 62 which transmits narrow-band light of 
540-560 nm, an excitation filter 63 which transmits the 
excitation light of 390-450 nm, and an R' filter 64 which 
transmits a narrow band light of 600-620 nm are disposed on 
the inner circumference of the rotary filter plate 53. 

[0071] That is, the G' filter 62, excitation filter 63, and R' 
filter 64 constitute an inner circumferential filter set 59. 

[0072] Further, portions of the rotary filter plate 53 outside 
the zones where the filters are disposed are formed of 
members 65 that shield the light. 

[0073] Spectral characteristics of the outer circumferential 
and inner circumferential filters of the rotary filter plate 53 
will be described hereinbelow with reference to FIG. 4 and 
FIG. 5. 

[0074] As shown in FIG. 4, the R filter 61R, G filter 61G, 
and B filter 61B located on the outer circumference have 
spectral distributions without gaps between respective trans- 
mission spectra. 

[0075] As shown in FIG. 5, the G filter 62, excitation 
filter 63, and R' filter 64 located on the inner circumference 
have discrete spectral distributions in which gaps are 
present. 



[0076] As shown in FIG. 3, the CCD 20 comprises the 
light receiving area 70, horizontal transfer channels 73, 74, 
transfer channels 75, 76 equipped with a CMD (Charge 
Multiplying Device), and charge detection units 77, 78. 

[0077] Furthermore, the transfer channels 75, 76 equipped 
with a CMD includes a plurality of cells, the number of those 
cells being almost equal to the number of cells of the 
horizontal transfer channels 73, 74. 

[0078] A signal charge generated in each pixel of the light 
receiving area 70 is in a format that can be read separately 
in two channels A and B with the odd-number lines 71 and 
even-number lines 72 by means of vertical transfer pulses. 

[0079] The signal charges that are read from the odd- 
number lines 71 and even-number lines 72 are transferred 
into horizontal transfer channels 73, 74 for respective hori- 
zontal lines and further transferred from the respective 
horizontal transfer channels 73, 74 into respective transfer 
channels 75, 76 equipped with a CMD by horizontal transfer 
pulses. Further, in the transfer channels 75, 76 equipped with 
a CMD, sensitivity control pulses are applied and signal 
amplification is carried out, while the signal charges are 
transferred through each cell by the horizontal transfer 
pulses. Therefore, each time the signal charges are trans- 
ferred through the cell of the transfer channel equipped with 
a CMD, the amplification factor is increased in geometric 
series. The amplified signal charges are sequentially trans- 
ferred into the charge detection units 77, 78. The charge 
detection units 77, 78 conduct charge -voltage conversion of 
charges from respective transfer channels 75, 76 equipped 
with a CMD into a voltage, and output the voltage into 
respective CCD output signal lines 14, 15. 

[0080] With the above -described configuration, in the 
CCD 20, the CMD is disposed in a horizontal register and 
variable amplification can be conducted by sensitivity con- 
trol pulses from the outside. 

[0081] The excitation light cut-off filter 19 shown in FIG. 
1 has a cut-off transmission characteristic which shields the 
light with a wavelength of 460 nm or less, as shown in FIG. 
6. 

[0082] The color balance correction circuit 35 shown in 
FIG. 1 has a color tone adjustment coefficient storing 
memory 81 and a digital multiplier 82, as shown in FIG. 7. 

[0083] The color tone adjustment coefficient storing 
memory 81 conducts rewriting of the color tone adjustment 
coefficient based on the memory rewrite signals from the 
CPU 40 and supplies data on the color tone adjustment 
coefficients to one input terminal of a digital multiplier 82. 

[0084] The input image signal from the A/D conversion 
circuit 33 is led to the other input terminal of the digital 
multiplier 82. 

[0085] The digital multiplier 82 multiplies the input image 
signal from the A/D conversion circuit 33 by the color tone 
adjustment coefficient of the color tone adjustment coeffi- 
cient storing memory 81 and outputs the product to one input 
terminal of the multiplexer 37. 

[0086] Furthermore, the configuration of the color balance 
correction circuit 36 shown in FIG. 1 is identical to that of 
the color balance correction circuit 35 shown in FIG. 7, 
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except that the input terminal 36 is connected to the A/D 
conversion circuit 34 and the output terminal is connected to 
the multiplexer 37. 

[0087] The operation of the present embodiment will be 
described below. 

[0088] Referring to FIG. 1, light for illuminating the 
object 7 is emitted from the lamp 51 of the light source unit 
5. The light emitted from the lamp 51 passes through the IR 
cut-off filter 52, rotary filter plate 53, and converging lens 56 
and is incident on the light guide fiber 12 of the electronic 
endoscope 2. 

[0089] In this case, the IR cut-off filter 52 cuts off the IR 
rays, thereby preventing the filters on the rotary filter plate 
53 from being illuminated by the unnecessary heat or light. 

[0090] During normal light observations, the outer cir- 
cumferential filter set 58 of the rotary filter plate 53 is 
disposed on the optical path and rotated at the prescribed rate 
by the motor 54. As a result, the R filter 61R, G filter 61G, 
and B filter 61B are successively disposed on the optical 
path and transmit the red, green, and blue light, respectively. 
As a consequence, during normal light observations, the red, 
green, and blue light is successively emitted from the light 
source unit 5. 

[0091] During fluorescent observations, the motor 55 
moves the rotary filter plate 53 in the direction perpendicular 
to the optical axis in response to the signal from the filter 
position control circuit (not shown in the figure). As a result, 
the inner circumferential filter set 59 of the rotary filter plate 
53 is inserted onto the optical path. 

[0092] At the time of inserting the inner circumferential 
filter set 59, in a state in which the G' filter 62, excitation 
filter 63, and R' filter 64 are disposed on the optical path, the 
rotary filter plate 53 is rotated at the prescribed rate by the 
motor 54. As a result, the light source unit 5 successively 
emits light with a wavelength of 540-560 nm, 390-450 nm, 
and 600-620 nm. 

[0093] Here, the light with a wavelength of 390-450 nm is 
excitation light for exciting the auto-fluorescence of the 
living-body tissue. 

[0094] The light incident upon the light guide fiber 12 of 
the electronic endoscope illuminates the object 7, for 
example a digestive tract, via the illumination lens 17 of the 
distal end portion 16 of the insertion portion 11. 

[0095] The light scattered, reflected, and emitted by the 
object 7 forms an image on the light receiving area 70 (see 
FIG. 3) of the CCD 20 via the objective lens 18 of the distal 
end portion 16 and picks up the image. 

[0096] Here, the excitation light cut-off filter 19 shields the 
excitation light with a wavelength of 390-450 nm at the front 
surface of the CCD 20 and extracts the fluorescence. 

[0097] The CCD 20 is driven by the CCD drive circuit (not 
shown in the figure) synchronously with the rotation of the 
rotary filter plate 53, and the image signals corresponding to 
the illumination light that has passed the respective filters of 
the rotary filter plate 53, such as the R filter 61R, G filter 
61 G, and B filter 61B, are outputted sequentially to the 
signal processing unit 3. The image signals that are output- 
ted sequentially to the signal processing unit 3 serve as two 



systems of the A channel corresponding to odd-number lines 
71 and the B channel corresponding to even-number lines 
72. 

[0098] Furthermore, if necessary, sensitivity control 
pulses from the sensitivity control pulse generation circuit 
(not shown in the figures) are inputted into the transfer 
channels 75, 76 equipped with a CMD in the CCD 20, to 
generate secondary electrons caused by impact ionization 
and amplify the signal charge. The amplification factor in 
this case is controlled by the amplitude of the sensitivity 
control pulses. 

[0099] The image signals of the A channel and B channel 
inputted in the signal processing unit 3 are initially inputted 
in respective preprocessing circuits 31, 32. In the prepro- 
cessing circuits, 31, 32, the adequate image signals of the A 
channel and B channel are extracted by CDS (correlation 
double sampling) processing or the like. 

[0100] The image signals of the A channel and B channel 
outputted from preprocessing circuits 31, 32 are converted 
from analog signals into digital signals with respective A/D 
conversion circuits 33, 34. 

[0101] The digital signals of the images of the A channel 
and B channel that are outputted from the A/D conversion 
circuits 33, 34 are inputted in respective color balance 
compensation circuits 35, 36. 

[0102] Color tone adjustment coefficients are written by 
the CPU 40 into the color tone correction coefficient storing 
memory 81 of the color balance correction circuits 35, 36, 
and the color balance correction circuits 35, 36 amplify the 
input signals at the prescribed amplification factor for each 
illumination wavelength based on color discrimination sig- 
nals (not shown in the figure). 

[0103] The multiplexer 37 combines the digital signals 
from the color balance correction circuits 35, 36 of images 
of the A channel and B channel into digital signals of the 
images of one system, separates the field sequential digital 
signals of the images into R (or narrow-band green reflected 
light), G (or fluorescence), and B (or narrow-band red 
reflected light) colors and outputs them to simultaneous 
memories 38R, 38 G, and 38B, respectively. 

[0104] In the simultaneous memories 38R, 38 G, and 38B, 
simultaneity of field sequential digital signals is carried out 
by simultaneously reading the successively stored images. 
The simultaneous digital signals in respective R, G, B 
wavelength bands are subjected to conversion for correcting 
the gamma characteristic of the monitor in the gamma 
correction circuit (not shown in the figure), converted into 
analog signals by respective D/A conversion circuits 39R, 
39G, and 39B, and displayed on the monitor 6. 

[0105] During normal light observations, the red reflected 
light, green reflected light, and blue reflected light compo- 
nents are displayed on the respective RGB pixels of the 
monitor 6. 

[0106] Furthermore, during fluorescent observations, the 
narrow-band green reflected light, fluorescence, and narrow- 
band red reflected light are displayed on the respective RGB 
pixels of the monitor 6. 

[0107] On the other hand, in the exposure period control 
circuit 43, the exposure quantity in the CCD 20 is controlled 
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by sending a charge sweep signal to the CCD 20. The charge 
sweep timing determined by the exposure period control 
circuit 43 is adjusted for each illumination wavelength of the 
illumination light. 

[0108] Furthermore, if the filter switch 21 is pressed down 
by the operator, the pressing is recognized by the CPU 40, 
the motor 55 is driven by the CPU 40, the outer circumfer- 
ential filter set 58 and inner circumferential filter set 59 of 
the rotary filter plate 53 are switched, and normal light 
observation and fluorescent observation are switched. 

[0109] Simultaneously with this switching, the CPU 40 
switches various settings in the signal processing unit 3 
between those for normal light observations and those for 
fluorescent observations. 

[0110] When the operator of the electronic endoscope 
device 1 adjusts the color balance during normal light 
observations, the operator initiates setting of color balance 
by pressing down the color balance setting switch 42 in a 
state in which the image of the white reference body is 
picked up. 

[0111] The processing conducted when the color balance 
setting switch 42 is pressed down will be described below 
with reference to FIG. 8. 

[0112] As shown in FIG. 8, if the color balance setting 
switch is pressed down in a normal light observation mode, 
first, in step SI, the CPU 40 provides a maximum exposure 
period as a tentative exposure period to the exposure period 
control circuit 43 for image signals of all the RGB wave- 
length bands. That is, the exposure period control circuit 43 
terminates the electronic shutter function of the CCD 20. As 
a result, the quantity of each of RGB colors received by the 
CCD 20 is as shown in FIG. 9A. 

[0113] Then, in step S2, the CPU 40 acquires the bright- 
ness of the image sampled with the sampling circuit 41 for 
each RGB. 

[0114] Then, in step S3, the CPU 40 computes the appro- 
priate exposure period based on the sampling data of chan- 
nel A. Here, the object is to set a rough color balance. 
Therefore, the RGB exposure period is computed such that 
the RGB amplification factor ratio becomes 1/Vr:l/Vg:l/Vb, 
where Vr, Vg, and Vb stand for sampling values of respec- 
tive RGB images. At this time, it is preferred that the 
electronic shutter of the CCD 20 be not used when the 
exposure period in RGB is maximum to ensure a high 
brightness. 

[0115] Then, in step S4, the CPU 40 outputs the exposure 
period computed in step S3 to the exposure period control 
circuit 43. As a result, the exposure period control circuit 43 
sends the charge sweep signal shown in FIG. 9B to the CCD 
20 so as to obtain the aforementioned computed exposure 
period. Even if the exposure period is thus set, the prob- 
ability of the color balance taking an exactly desirable ratio 
is low, due to the reasons explained with reference to FIG. 
11 and FIG. 12. 

[0116] Then, in step S5, the CPU 40 again acquires the 
RGB values sampled with the sampling circuit 41 in order 
to conduct accurate color balance adjustment and adjustment 
between channels A and B. 

[0117] Then, in step S6, the CPU 40 computes the color 
tone adjustment coefficients that will be set in the color 



balance correction circuits 35, 36. Here, the color tone 
adjustment coefficients are calculated such that the RGB 
amplification factor ratio becomes l/Vr'il/VgM/Vb', where 
Vr*, Vg', and Vb' stand for sampling values of respective 
RGB images. 

[0118] Then, in step S7, the CPU 40 stores the color tone 
adjustment coefficients computed in step S6 in separate 
areas of the color tone adjustment coefficient storing 
memory 81 for each observation mode and each RGB shown 
in FIG. 7. In this way, the color balance setting is completed. 

[0119] With such a processing, the color balance correc- 
tion circuit 35 carries out even more strict correction of color 
balance that is in general corrected by the exposure period 
control. 

[0120] When image-picking-up by the normal light is 
thereafter carried out with the electronic endoscope device 1, 
the color balance correction circuit 35 multiplies with the 
digital multiplier 82 the color tone adjustment coefficients 
shown in FIG. 10B that are stored in separate areas of the 
color tone adjustment coefficient storing memory 81 for 
each observation mode and each RGB and the image signals, 
shown in FIG. 10A, that are picked up according to the 
observation mode and rotation of the rotary filter 53 and 
input from the A/D conversion circuit 33. As a result, the 
respective RGB image signals that are subjected to strict 
color balance correction are amplified at the above-de- 
scribed amplification factor ratio and outputted from the 
color balance correction circuit 35. 

[0121] Further, as for the color balance correction circuit 
36 of the B channel, in addition to color balance adjustment, 
the color tone correction coefficients are calculated so as to 
cancel the interchannel variance to the A channel. In other 
aspects, the operation of the color balance correction circuit 
36 of the B channel is identical with the operation of the 
color balance correction circuit 35 of the A channel. 

[0122] When the operator of the electronic endoscope 
device 1 adjusts color balance during fluorescent observa- 
tions, the color balance setting is initiated by pressing down 
the color balance switch 22 in a state in which the insertion 
portion 11 is inserted into a body cavity and a normal 
mucous membrane of the patient is picked up in a fluores- 
cent observation mode. Subsequent operations are identical 
to those conducted during normal observations. 

[0123] The electronic endoscope 2 comprises an image 
pick-up unit (CCD 20) for picking up the image of the object 
7 for each wavelength band of the illumination light that 
illuminates the object. 

[0124] The color balance correction circuits 35, 36 serve 
as amplification means for amplifying the signals relating to 
the object 7 that are output from the CCD 20, for the each 
wavelength band. 

[0125] The exposure period control circuit 43 serves as 
exposure period setting means for setting the exposure 
period of the CCD 20 for the each wavelength band. 

[0126] Furthermore, the CPU 40 serves as amplification 
factor setting means for setting the amplification factors of 
the color balance correction circuits 35, 36 for the each 
wavelength band based on the signals corresponding to the 
object 7 that are picked up by the CCD 20 according to the 
exposure period that is set by the exposure period setting 
means. 
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[0127] The monitor 6 serves as a display unit for color 
displaying the video images corresponding to the signals 
that are amplified by the color balance correction circuits 35, 
36. 

[0128] The color balance setting switch 42 serves as color 
balance setting designation means for designating the color 
balance adjustment of the video images that will be dis- 
played by the monitor 6. 

[0129] The aforementioned exposure period setting means 
sets the exposure period for the each wavelength band based 
on the video signal that is outputted by the CCD 20 based on 
the designation of the color balance setting switch 42. 

[0130] With the afore-described embodiment, the correc- 
tion of color balance is conducted by the exposure period 
control. Therefore, it becomes unnecessary to conduct 
amplification at a high amplification factor for a specific 
color, and noise influence can be reduced for all the color 
components. Furthermore, because the amplification factor 
control is also used for correcting the color balance, slight 
color balance errors following the exposure period control 
can be also corrected and setting of color balance can be 
conducted with even better accuracy. Therefore a better 
image with a low noise can be obtained under an accurately 
set color balance. 

[0131] Furthermore, in the present embodiment, the expo- 
sure period is set based on the designation of the color 
balance setting switch 42 serving as color balance setting 
designation means. Therefore, the amplification factors for 
all the colors become almost equal and the noise influence 
can be greatly reduced for all the color components, regard- 
less of the spread during the production of optical filters. 

[0132] Moreover, with the present embodiment, an espe- 
cially significant effect in terms of suppressing the noise 
influence is attained due to application to the electronic 
endoscope device 1 for fluorescence which is easily affected 
by the noise induced by the variety of optical filters. 

[0133] Further, in the present embodiment, an especially 
significant effect in terms of suppressing the noise influence 
is attained because of the application to the electronic 
endoscope device 1 for illumination of the illumination light 
having a discrete spectral distribution shown in FIG. 5, 
which is easily affected by the noise induced by the variety 
of optical filters. 

[0134] Moreover, in the present embodiment, the applica- 
tion to the electronic endoscope device 1 that allows the 
observation of fluorescence in a visual range is considered, 
but applications to reflected light observations, IR ray obser- 
vations, and fluorescence observations in an IR range that 
used three discrete narrow-band wavelengths; as disclosed 
in Japanese Patent Application Laid-open No. 2002-95635, 
are also possible. 

[0135] Further, in the present embodiment, the amplifica- 
tion for color balance adjustment is conducted inside the 
signal processing unit 3, but the amplification may be also 
carried out in the transfer channels 75, 76 equipped with a 
CMD which are located inside the CCD 20. 

[0136] The ratio of colors which are adjusted is not limited 
to 1:1:1 and a lesion portion can be also effectively recog- 
nized, for example, by displaying the normal mucous mem- 
brane of the patient as slightly greenish during fluorescent 
observations. 



[0137] Computation of the exposure period is not limited 
to a computation method assuming a simple linearity of the 
exposure period and quantity of exposure, and noise can be 
effectively suppressed by conducting approximation to other 
functions to increase accuracy. 

[0138] Further, the color balance setting switch is not 
limited to that located in the signal processing unit main 
body, it may be provided in the operation unit of the 
electronic endoscope 2 and also may be in the form of a foot 
switch which is operated by foot. 

[0139] Embodiments constituted by partially combining 
the above-described embodiments are also within the scope 
of the present invention. 

[0140] In this invention, it is apparent that working modes 
different in a wide range can be formed on the basis of this 
invention without departing from the spirit and scope of the 
invention. This invention is not restricted by any specific 
embodiment except being limited by the appended claims. 

What is claimed is: 

1. An electronic endoscope device comprising: 

an image pick-up unit capable of acquiring an object 
image with respect to illumination light employed for 
illuminating the object for each prescribed wavelength 
band; 

an exposure period setting circuit for setting the exposure 
period of the image pick-up unit corresponding to the 
each wavelength band; 

an amplifier for amplifying picked-up image signals of the 
object image obtained with the image pick-up unit 
corresponding to the each wavelength band; and 

a control circuit for controlling the amplifier such that the 
picked-up image signals corresponded to the each 
wavelength band of the object image that are acquired 
with the image pick-up unit at the exposure period set 
corresponding to the each wavelength band set by the 
exposure period setting circuit are amplified at ampli- 
fication factors computed corresponding to the expo- 
sure period that is set corresponding to the each wave- 
length band. 

2. The electronic endoscope device according to claim 1, 
further comprising: 

a display unit for color displaying the images correspond- 
ing to the signals amplified by the amplifier; and 

a color balance setting designation unit for designating- 
balance adjustment of the colors of the images dis- 
played by the display unit, wherein 

the exposure period setting circuit sets the exposure 
period corresponding to the each wavelength band 
according to image signals outputted by the image 
pick-up unit based on the designation of the color 
balance setting designation unit. 

3. The electronic endoscope device according to claim 2, 
wherein 

the image pick-up unit illuminates the object with exci- 
tation light and picks up an image of the object by 
fluorescent light from the object. 

4. The electronic endoscope device according to claim 2, 
comprising: 
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the image pick-up unit illuminates the object with illu- 
mination light of a wavelength band having a discrete 
spectral distribution and picks up an image of the object 
by the light reflected from the object. 

5. The electronic endoscope device according to claim 1, 
wherein 

the image pick-up unit illuminates the object with exci- 
tation light and picks up an image of the object by - 
fluorescent light from the object. 

6. The electronic endoscope device according to claim 1, 
wherein 

the image pick-up unit illuminates the object with illu- 
mination light of a wavelength band having a discrete 
spectral distribution and picks up an image of the object 
by the light reflected from the object. 

7. An electronic endoscope device comprising: 

an image pick-up means capable of acquiring an object 
image with respect to illumination light employed for 
illuminating the object for each prescribed wavelength 
band; 

an exposure period setting means for setting the exposure 
period of the image pick-up means corresponding to the 
each wavelength band; 

amplification means for amplifying picked-up image sig- 
nals of the object image obtained with the image 
pick-up means corresponding to the each wavelength 
band; and 

control means for controlling the amplification means 
such that the picked-up image signals corresponding to 
the each wavelength band of the object image that were 
acquired with the image pick-up means at the exposure 
period set corresponding to the each wavelength band 
set by the exposure period setting means are amplified 
at amplification factors computed corresponding to the 
exposure period that is set corresponding to the each 
wavelength band. 

8. The electronic endoscope device according to claim 7, 
further comprising: 

display means for color displaying the images corre- 
sponding to the signals amplified by the amplification 
means; and 

color balance setting designation means for designating 
balance adjustment of the colors of the images dis- 
played by the display means, wherein 

the exposure period setting means sets the exposure 
period corresponding to the each wavelength band 
according to image signals outputted by the image 
pick-up means based on the designation of the color 
balance setting designation means. 

9. The electronic endoscope device according to claim 8, 
wherein 

the image pick-up means illuminates the object with 
excitation light and picks up an image of the object by 
fluorescent light from the object. 

10. The electronic endoscope device according to claim 8, 
wherein: 

the image pick-up means illuminates the object with 
illumination light of a wavelength band having a dis- 



crete spectral distribution and picks up an image of the 
object by the light reflected from the object. 

11. The electronic endoscope device according to claim 7, 
wherein 

the image pick-up means illuminates the object with 
excitation light and picks up an image of the object by 
fluorescent light from the object. 

12. The electronic endoscope device according to claim 7, 
wherein 

the image pick-up means illuminates the object with 
illumination light of a wavelength band having a dis- 
crete spectral distribution and picks up an image of the 
object by the light reflected from the object. 

13. A signal processing device for processing signals 
corresponding to an object which are outputted by an 
endoscope comprising an image pick-up unit, the. signal 
processing device comprising: 

an exposure period setting circuit for setting the exposure 
period of the image pick-up unit capable of acquiring 
an object image with respect to illumination light 
employed for illuminating the object for each pre- 
scribed wavelength band, corresponding to the each 
wavelength band; 

an amplifier for amplifying picked-up image signals of the 
object image obtained with the image pick-up unit 
corresponding to the each wavelength band; and 

a control circuit for controlling the amplifier such that the 
picked-up image signals corresponding to the each 
wavelength band of the object image that were acquired 
with the image pick-up unit at the exposure period set 
corresponding to the each wavelength band set by the 
exposure period setting circuit are amplified at ampli- 
fication factors computed corresponding to the expo- 
sure period that is set corresponding to the each wave- 
length band. 

14. The signal processing device according to claim 13, 
wherein 

the exposure period setting circuit sets the exposure 
period corresponding to the each wavelength band 
according to image signals outputted by the image 
pick-up unit based on the color balance setting desig- 
nation which designates balance of the colors of the 
images displayed by a display unit. 

15. An electronic endoscope device comprising: 

illumination light supply means for successively supply- 
ing light of different wavelength bands for illuminating 
an object; 

image pick-up means for successively picking up the 
images of the object for the each wavelength band; 

amplification means for amplifying signals that are picked 
up by the image pick-up means; 

a display unit for color displaying the signals amplified by 
the amplification means; 

exposure period setting means for setting the exposure 
period of the image pick-up means for the each wave- 
length band; and 

amplification factor setting means for setting amplifica- 
tion factors in the each wavelength band in the ampli- 
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fication means based on the signals outputted from the 
image pick-up means after setting the exposure period. 

16. The electronic endoscope device according to claim 
15 further comprising: 

color balance setting designation means for designating 
balance setting of the colors displayed by the display 
device, wherein 

the exposure period setting means sets the exposure 
period for the each wavelength band based on the 
signals outputted by the image pick-up means corre- 
sponding to the designation of the color balance setting 
designation means. 

17. The electronic endoscope device according to claim 
16, wherein 

the light source means emits light of a wavelength excit- 
ing the object, and the image pick-up means picks up 
an image of the object by fluorescent light from the 
object. 

18. The electronic endoscope device according to claim 
16, wherein 

the different wavelength bands have a discrete spectral 
distribution. 

19. The electronic endoscope device according to claim 
16, wherein 

the exposure period setting means sets the exposure 
period with an electronic shutter. 

20. The electronic endoscope device according to claim 
19, wherein 

at least one exposure period which is set for the each 
wavelength band is an exposure period obtained by 
stopping the electronic shutter. 

21. The electronic endoscope device according to claim 
15, wherein 

the light source means emits light of a wavelength excit- 
ing the object, and the image pick-up means picks up 
an image of the object by fluorescent light from the 
object. 



22. The electronic endoscope device according to claim 
15, wherein 

the different wavelength bands have a discrete spectral 
distribution. 

23. The electronic endoscope device according to claim 
15, wherein 

the exposure period setting means sets the exposure 
period with an electronic shutter. 

24. The electronic endoscope device according to claim 
23, wherein 

at least one exposure period which is set for the each 
wavelength band is an exposure period obtained by 
stopping the electronic shutter. 

25. A color balance adjustment method in an electronic 
endoscope device for successively illuminating an object 
with illumination light having different wavelength bands 
and picking up the images of the object for each wavelength 
band of this illumination light employed for illumination, 
comprising the steps of: 

picking up the images of the object for each wavelength 
band based on a prescribed exposure period; 

setting the exposure period for each wavelength band 
based on the brightness of image signals that corre- 
spond to the object image in each wavelength band; 

picking up the images of the object based on the exposure 
period for each wavelength band that is set; 

computing the amplification factor of the image signals 
for each wavelength band based on the brightness of 
the image signal corresponded to the object that is 
picked up based on the exposure period that is set; and 

amplifying the image signals for the each wavelength 
band based on the computed amplification factor. 

***** 
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